Introduction
The diagnosis, management, and treatment of the various forms of acute coronary syndromes (ACS), which include persistent ST-segment elevation myocardial infarction (MI), non-ST-segment elevation MI, and unstable angina (UA), have been rapidly evolving in recent years. European and American cardiological associations have published new guidelines to address these changes in medical practice. [1] [2] [3] [4] Surveys and registries are an effective means of assessing the implementation of guidelines. 5 Although the adherence to guidelines has been shown to be associated with improved outcomes, 6 their implementation remains sub-optimal. 7, 8 Indeed, the first Euro Heart Survey of ACS, 9 conducted in 25 countries in Europe and the Mediterranean basin in 2000-2001, demonstrated great variability in the implementation of the guidelines and recommendations applicable at that time period. In order to assess current management and implementation of more contemporary guidelines, we conducted the second Euro Heart Survey of ACS during 2004 in 32 countries throughout this region.
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Methods
The second Euro Heart Survey on ACS was conducted in 190 medical centres from 32 countries in Europe and the Mediterranean basin. Within each participating country, medical centres were invited to participate in the survey on a purely voluntary basis, by a national coordinator, responsible for maintaining contact with the investigators in each of the participating centres, and for overseeing the implementation of the survey protocol (see Appendix). In addition to the recruitment efforts of the national coordinators, information about the survey was posted on the website of the European Society of Cardiology (ESC) and on the ESC web news, inviting all interested investigators to join. Announcements about the survey were also made at the European Congress of Cardiology. Among 319 centres that confirmed their participation in the survey, 129 either did not recruit any patients or did not complete any case report forms.
The enrolment period of the survey began in March 2004, and ended in October 2004. Participating centres were asked to recruit 30-50 consecutive patients fulfilling the survey inclusion criterion of a confirmed diagnosis of ACS.
In each participating centre, a data collection officer was responsible for screening consecutive patients admitted with a tentative diagnosis of ACS. Patients were followed throughout their hospitalization, and informed consent for participation in the survey was acquired when necessary. As in the first survey, 9 case report forms were completed only after the diagnosis of ACS (UA, Q-wave, non-Q-wave, or undetermined MI) was confirmed by the attending physician. Patients with symptoms that suggested ACS, but did not fulfil the diagnostic criteria for ACS were not included in the survey.
In addition to data regarding the pre-hospital and in-hospital course, follow-up data were collected at 30 days. Patient identification was not recorded on the case report forms. The centres were instructed to keep a log of all included patients, in which their names, contact information, and study code were recorded, in order to enable follow-up. Each participating centre was also asked to complete a questionnaire, designed to provide a description of the medical centre. 9 Electronic case report forms were used for data entry and transferred via the web to a central database located in the European Heart House, where they were edited for missing data, inconsistencies, and outliers. Additional editing of the data was performed at the data analysis centre at the Neufeld Cardiac Research Institute. In the case of two countries, participation in ACS-II involved the transfer of data collected in national ACS surveys during the recruitment period of ACS-II in 2004 (the Israeli ACSIS survey and the Spanish MASCARA survey 10 ) to the ACS-II database at the European Heart House. ACSIS is a biennial national ACS survey conducted in all 25 operating cardiac departments in Israel since 1992. MASCARA is a nationwide prospective cohort study that included consecutive patients hospitalized for ACS in 60 randomly selected Spanish hospitals in [2004] [2005] . Both national surveys collected data on ACS patients using similar case report forms and the same definitions for ACS as used in EHS-ACS-II.
Of the 190 centres, 91 that participated in the survey were affiliated with academic institutions, 123 had catheterization laboratories, and 61 had cardiac surgery facilities. Fifty-three percent of the patients were hospitalized in medical centres that were affiliated with academic institutions, and 46% were hospitalized in tertiary care centres. Seventy-three percent of the patients were treated in hospitals that had on-site catheterization laboratories, and 37% in centres that had facilities for cardiovascular surgery. Seventy percent of the patients were hospitalized in centres in which the policy was to hospitalize ACS patients in cardiology departments, 26% were admitted to centres that treat ACS patients in both cardiology and internal medicine departments, and 4% were treated in centres that hospitalized ACS patients in internal medicine wards. Examination of the extent of enrolment in the participating centres showed that 71 centres (37%) recruited less than 30 patients, 102 centres (54%) recruited 30-50 patients, and 17 centres (9%) included more than 50 patients.
Among the centres participating in EHS-ACS-II were 34 centres that had also participated in the first European Heart Survey on ACS. Analysis of the characteristics of 34 centres that participated in both the EHS-ACS-I and EHS-ACS-II surveys, showed that the proportion of patients hospitalized in centres with academic affiliations (70%), catheterization laboratories (92%), and cardiac surgery facilities (65%), were greater in comparison with the total group of centres participating in EHS-ACS-II.
Statistical methods
All analyses were performed using SAS software (SAS Institute Inc., Cary, NC, USA). The x 2 test was used for comparison of proportions. All tests were two-sided and considered statistically significant if P 0.05. No adjustment was made for multiple testing. Comparison of the outcome of patients included in the ACS-I and ACS-II surveys was performed using logistic regression analysis with adjustment for the following variables, which were considered to be potential predictors of mortality on the basis of clinical judgment, univariable analysis, and data from the literature: age, sex, prior MI, diabetes, prior stroke, chronic renal failure, hypertension, current and past smoking, Killip class 2 on admission, and ST pattern on admission ECG (ST-elevation, no ST-elevation, or undetermined pattern on ECG). In a multivariable analysis for 34 centres that participated in both the EHS-ACS-I and EHS-ACS-II surveys, a similar model was used, with the addition of the variable 'center'.
Results
The EHS-ACS-II cohort included 6385 patients with a final diagnosis of ACS. Baseline, demographic, and clinical characteristics of the EHS-ACS-I and EHS-ACS-II patients are presented in Table 1 . The proportion of patients with an initial diagnosis of ACS with ST-elevation rose from 42% in EHS-ACS-I to 47% in EHS-ACS-II, whereas no ST-elevation ACS patients comprised 51% of the ACS-I participants and 48% of those included in ACS-II. Five percent and 6.5% of the patients in ACS-II and ACS-I, respectively, presented with an undetermined electrocardiographic (ECG) pattern, which included left bundle branch block/right bundle branch block (LBBB/RBBB), pacing, or severe left ventricular (LV) hypertrophy (LVH) without typical ST changes.
Examination of the characteristics of all patients included in the first and second EHS surveys of ACS showed a considerable degree of similarity with respect to mean age (65.2 vs. 64.7 in ACS-I vs. ACS-II), proportion of men (67.5% in ACS-I vs. 70.1% in ACS-II), and the proportion of patients with risk factors. Comparison of the characteristics of the patients in the 34 centres participating in both surveys showed much similarity in the two periods. The only noteworthy difference was the proportion of patients with ST-elevation, which rose from 40% in ACS-I to 51% in ACS-II.
The most common presenting symptom among EHS-ACS-II patients was typical angina, which was most prevalent in patients with ST-elevation. Patients with an undetermined ECG pattern were more likely to present with heart failure. Comparison of data from the two surveys showed that the proportion of patients presenting with typical angina was higher in ACS-I than ACS-II, 86.8% and 80.8%, respectively. In the second survey, more patients were hospitalized in coronary care units (70 vs. 62.4%), whereas fewer were treated in cardiology wards (19.1 vs. 22%), and in internal medicine wards (7 vs. 13.8%). The proportion of patients hospitalized in other wards was 3.9% in ACS-II vs.
1.8% in ACS-I.
The frequency of chronic use of cardiovascular therapies among patients prior to admission was lower among ST-elevation patients in comparison with no ST-elevation patients in both surveys. The proportions of patients receiving pre-hospital medication were similar in the two survey periods, although slight increases in the use of ACE-inhibitors/angiotensin-II receptor blockers and statins were observed in EHS-ACS-II.
Coronary angiography, percutaneous coronary interventions (PCIs), and intracoronary stents were used more frequently in ACS-II than in ACS-I ( Table 2 ). The increase in the proportion of patients undergoing coronary angiography, PCIs, and stent implantation among those hospitalized in the 34 centres was greater than in the full ACS-I and ACS-II cohorts (from 60.5 to 82.3%, from 45.9 to 69.9%, and from 34.1 to 63.6% for patients with ST-elevation, respectively, and from 54.3 to 72.1%, from 27.3 to 46.7%, and from 19.6 to 43.6% for no ST-elevation patients, respectively).
A greater proportion of patients received evidence-based medications during their hospitalization and at discharge in ACS-II compared with ACS-I, irrespective of their initial ECG diagnosis ( Table 3 , Figures 1 and 2) . The reasons recorded for not prescribing evidence-based medications during ACS-II showed that half of the small number of patients who did not receive aspirin or beta-adrenergic blockers had contraindications to the medications. In contrast, the most frequent reason for not prescribing anticoagulants, ticlopidine/clopidogrel, ACE-inhibitors, and statins, was the lack of indication for treatment according to current guidelines.
Patients hospitalized in the 34 centres that participated in both surveys were more likely to receive evidence-based medication in comparison with the whole survey population in ACS-II, during hospitalization and upon discharge from hospitalization. Particularly noteworthy was an increase in the use of ticlopidine/clopidogrel both in-hospital and at discharge. Analysis of the time at which medication was initiated among ST-elevation patients showed that the proportions of patients starting medication in-hospital were: 73.2% for aspirin, 51.2% for ACE-inhibitors, 64.5% for beta-blockers, and 65.6% for statins. The remaining patients to whom these medications were administered in-hospital had started taking them at least 1 month prior to hospital admission.
Comparison between the two surveys in terms of time delay showed a reduction in the median time from symptom onset to arrival at the emergency department, from 210 min (105-625) in ACS-I to 170 min (90-420) in ACS-II. This reduction was a result of decreases in both time from symptom onset to first call for help, from a median 120 min (50-450) in ACS-I to 105 min (40-306) in ACS-II, as well as time from first call for help to emergency room arrival, from a median 50 min (26-91) in ACS-I to 42 min (15-80) in ACS-II. A reduction in the length of stay in the reporting department was also observed, with a median stay of 8 days in EHS-ACS-I to 7 days in EHS-ACS-II. In the 34 centres, a reduction was also noted, from 8 to 6 days.
Among patients with ST-elevation, 63.9% received primary reperfusion treatment (51.8% of reperfused patients were treated with PPCI, 7% with facilitated PCI, and 41.2% with fibrinolytic therapy, with or without rescue interventions). The proportion of ST-elevation patients treated with primary reperfusion therapy was directly related to the time from symptom onset to emergency room arrival. The rate of primary reperfusion was 74.4% among patients with ST-elevation reaching the hospital within 6 h from symptom onset (n ¼ 2116) and decreased to 54.8% and 25.2% for those reaching the hospital within 6-12 h (n ¼ 301) and 12-24 h (n ¼ 338), respectively. A total of 1084 patients presenting with ST-elevation ACS did not receive primary reperfusion therapy. The major reasons were late arrival (30.1%), uncertain diagnosis (11.2%), early resolution of ST-elevation (11.6%), and contraindications (6.5%). Additional reasons given by the treating physician included advanced age, premature death, patient refusal, and lack of catheterization laboratory facilities.
In ACS-II, the most common complications during hospitalization were heart failure (12.4%), re-ischaemia/ re-infarction (8.0%), and paroxysmal or persistent atrial fibrillation (AF) (3.3%).
As expected, the majority of patients with ST-elevation had a final diagnosis of Q-wave MI (64%), whereas patients admitted without ST-elevation were more likely to be diagnosed with UA (43%) or non-Q wave MI (38%). In the entire cohort, 34.5% had a final diagnosis of Q-wave MI, 28.2% with non-Q wave MI, 9.0% with undetermined type of MI, and 24.5% had UA. In 3.8% of the patients, the final ACS diagnosis was not specified.
Post-discharge events occurring during the 30-day follow-up period were available for 5213 hospital survivors (85%), of whom 15.9% were re-hospitalized during the first month following admission to hospital. The majority of re-hospitalizations of patients with ST or no ST-elevation were cardiac related and were due to the need for coronary angiography (4.4% and 4.8%), PCI (2.9% and 2.7%), coronary artery bypass surgery (CABG) (1.5% and 2.0%), or other cardiac surgery (0.3% and 0.2%). Among patients whose initial ECG pattern was undetermined, the majority of re-hospitalizations were due to other cardiac-related reasons (10.8%). Non-cardiac-related reasons were the cause of re-hospitalization in 2.3% of the patients.
Comparison of patients with ST-elevation
In both surveys, the baseline characteristics of the ST-elevation patients were relatively similar ( Table 1) . A better adherence to the use of recommended medications was observed in the latter survey (Table 3, Figure 1) .
A higher use of primary reperfusion therapy was observed in ACS-II (63.9%) compared with ACS-I (55.8%), with a shift from fibrinolytic therapy to PPCI in ACS-II (Figure 3) . Time from symptom onset to hospital arrival and time from hospital arrival to reperfusion were both shorter in the second survey, with a larger difference observed in time to PPCI in comparison with time to fibrinolytic therapy ( Table 4) . Similar improved patterns were observed for the 34 centres and, in addition, the time from emergency room arrival to fibrinolytic therapy decreased from a median of 50 min to 30 min in the 34 centres. In the ACS-II survey, a greater proportion of patients underwent coronary Angiography, coronary angiography; PA, pulmonary artery; IABP, intra-aortic balloon pump; AICD, automatic internal cardiac defibrillator. Table 3 In-hospital medical therapy
ST-elevation
No ST-elevation angiography, PCI, and stent implantation. In contrast, the proportion of patients undergoing CABG surgery was lower in ACS-II than ACS-I ( Table 2 ). In the 34 centres, the use of PPCI was even more pronounced (79%), and only 21% were treated with fibrinolytic therapy as compared with 43% and 57%, respectively in ACS-I. In addition, the increased use of coronary procedures, except CABG, was more pronounced in the 34 centres between the two survey periods.
Comparison of patients with no ST-elevation
The baseline characteristics of the no ST-elevation patients were quite similar in both the EHS-ACS-I and EHS-ACS-II surveys ( Table 1) . Patients in ACS-II were more likely to be treated with evidence-based medications ( Table 3 , Figure 2 ). More coronary interventions during hospitalization were performed in the second survey, with a higher proportion of patients undergoing coronary angiography and, among them, PCIs. Among the latter, stents were placed in a greater proportion of patients in ACS-II than in ACS-I. The frequency of CABG surgery was also higher in this group of patients. Similar changes occurred in the 34 centres that participated in both surveys, but the increases were more pronounced.
In-hospital and 30-day mortality
Crude mortality in-hospital and at 30 days was lower in the total ACS-II cohort than the ACS-I cohort ( Table 5 ).
The reduction in mortality from ACS-I to ACS-II was more marked in the 34 centres, which participated in both surveys (from 5.6 to 4.4% and 6.8 to 5.6% for in-hospital and 30-day mortality, respectively). After adjustment in multivariable analysis for the 34 centres, the odds ratio (OR) for in-hospital mortality in ACS-II in comparison with ACS-I was 0.58 (95% CI: 0.40-0.83), and for 30-day mortality, 0.66 (95% CI: 0.48-0.92). Mortality rates in ACS-II differed according to the ECG pattern on admission: the highest rates were noted for patients presenting with undetermined ECG, who can be characterized as a high-risk population with a greater prevalence of concomitant disease. The lowest rates were observed for those without ST-elevation (Figure 4) . Mortality by final diagnosis was higher for patients with Q-wave MI, and highest among those with undetermined MI (Figure 4) . Among 246 patients in whom the final diagnosis was not specified (MI or UA), in-hospital and 30-day mortality were 9.0 and 11.6%, respectively.
Discussion
The second Euro Heart Survey on ACS offers insight into contemporary diagnostic and therapeutic strategies applied for ACS patients. In addition, this survey sheds light on the short-and intermediate-term prognosis of a wide spectrum of 'real world' ACS patients. Moreover, this survey, performed 4 years after the first survey, enables the assessment of temporal trends in the diagnosis, management, and outcomes of ACS. The comparison between the two surveys is encouraging in several respects. Although the baseline characteristics of the patients were similar during the two survey periods, more extensive use of recommended medications was noted for ACS patients with and without ST-elevation, during hospitalization and at discharge, suggesting an improvement in adherence to guidelines. Moreover, in the latter survey, the use of coronary interventions such as coronary angiography and PCI was also more frequent in both patients with and without ST-elevation. However, additional analysis is needed to determine whether a more aggressive approach was administered to the patients who merit such treatment: patients at intermediate-to-high risk. Although the time from pain onset to reperfusion was shortened in the second survey, there are still delays beyond the recommended time for reperfusion therapy, and further research is needed on how to improve public awareness of the importance of early hospital arrival.
Among patients with ST-elevation, a slight increase in the use of primary reperfusion was observed, accompanied by a significant shift from fibrinolytic therapy to PPCI. Nevertheless, a significant proportion of ST-elevation patients did not receive primary reperfusion treatment, mainly because of late arrival, uncertain diagnosis upon admission, and early ST-resolution, the latter of which is viewed by some physicians as not requiring further reperfusion therapy. Of note, the rate of primary reperfusion dropped from 74.4% among patients reaching the hospital within 6 h from pain onset, to 25.2% among those reaching the hospital 12-24 h from onset. A reduction in the time from symptom onset to arrival at the emergency room was also observed, suggesting that efforts to inform the public of the need to respond immediately to symptoms of ACS may be having an effect.
Moreover, in the 34 centres that participated in both surveys, the increases in the use of evidence-based therapies and interventions were accompanied by an even greater reduction in mortality between ACS-I and ACS-II. The relative risks of hospital and 30-day mortality were 42 and 34% lower in ACS-II in comparison with ACS-I, although patient characteristics were similar. Therefore, the improved outcome in the second survey may be partially attributed to a significant increase in guideline adherence in these centres in ACS-II vs. ACS-I. Although the latter is true as well for ST-elevation patients in the full ACS-II cohort, the increase in the use of evidence-based therapies and interventions among no ST-elevation patients seems to have even preceded the publication of new guidelines.
As 92% of the ST-elevation patients in the ACS-II survey were admitted to either coronary care units or cardiology wards, it could be said that our data reflect the state-of-the-art in cardiology departments. This may have 
Figure 4
In-hospital and 30-day mortality by initial ECG presentation and final diagnosis (it should be noted that data on 30-day mortality were missing for 283 patients (4.4%).
been a result of the type of hospitals willing to participate in the survey on a voluntary basis.
A comparison of our current results for ST-elevation ACS patients with those of the European subpopulation of the GRACE (Global Registry Of Acute Coronary Events) registry (n ¼ 2729), 5 reveals similar rates of treatment with aspirin, beta-adrenergic blockers, calcium-channel blockers, platelet glycoprotein IIb/IIIa inhibitors, and ACEinhibitors, whereas a greater proportion of patients in our survey were treated with thienopyridines (69.8 vs. 48%) and statins (80.7 vs. 58%). A comparison of medication at discharge yielded similar results. With regard to reperfusion therapy, the rate of use in the two surveys was similar (64 vs. 65% in EHS-ACS-II and GRACE, respectively), but PPCIs were used more frequently in EHS-ACS-II. A comparison of cardiac procedures shows that a greater proportion of ST-elevation ACS patients underwent coronary angiography in EHS-ACS-II in comparison with the GRACE patients (70.2 vs. 53%). Comparison of in-hospital mortality showed a lower death rate among EHS-ACS-II patients with ST-elevation than among those in GRACE (5.3 vs. 7.8%) . Although these differences may primarily reflect differences in enrolment criteria, they may also reflect a real improvement in treatment with better prognosis.
Regarding non-ST-elevation ACS patients, the use of evidence-based medications is similar to that reported by the American CRUSADE national quality improvement initiative, 11 with the exception of glycoprotein IIb/IIIa inhibitors, close to that observed in the lowest adherence quartile in CRUSADE. Also, the proportion of patients discharged with aspirin and beta-adrenergic blockers is closer to the middle quartiles of CRUSADE hospitals. Thus, it seems that the treatment strategies for no ST-elevation ACS patients are similar on both sides of the Atlantic.
Limitations
Although 32 countries participated in EHS-ACS-II, the number of centres that recruited patients in each country were not representative of the countries' populations. In addition, as participation in the survey was voluntary, the majority of the centres which participated could be characterized as highly motivated, affiliated to academic institutions, likely to have catheterization laboratory facilities, and to hospitalize ACS patients in either coronary care units or cardiology departments, willing to expose their practice to criticism, and more likely to adhere to guidelines. Therefore, we are unable to extrapolate our findings to centres that did not participate in the survey. This limitation is particularly relevant to the setting in which the patients were treated in ACS-II, as the greater proportion hospitalized in coronary care units may include slightly different populations and treatment practices in comparison with alternative settings. In addition, the survey did not address the role of quality improvement interventions used in the participating centres. Therefore, we were unable to assess the extent to which the observed changes in adherence could be attributed to local efforts towards quality improvement. Furthermore, the inclusion of consecutive ACS patients could not be monitored, as on-site auditing was not required by the survey protocol. Finally, the comparison between the first and second survey is limited by the fact that not all the centres that participated in the first survey participated in the latter survey, and additional centres were included in the second survey. However, comparison of the 34 centres that participated in both surveys yielded results that were comparable to the full populations of the two surveys.
Conclusions
Data from the second Euro Heart Survey on ACS suggest an increase in the level of adherence to guidelines for treatment of ACS. The comparison of the 34 centres that participated in both surveys suggests that the early mortality reduction observed in ACS-II was associated with improvement in management and treatment, achieved from 2000 to 2004. It is reassuring to note that in most cases of patients who did not receive evidence-based therapies, this was due to contraindications or lack of indication for treatment according to the current guidelines. This finding reinforces the idea that guidelines should be tailored individually to patients' risk profiles. It is recommended that surveys be performed periodically to continuously monitor the implementation of emerging new guidelines among ACS patients, and by doing so, improve quality of care and outcomes over time. Attention to quality improvement interventions in future surveys would also be of great benefit in understanding the mechanisms contributing to changes in guideline adherence.
